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Nest success is the biggest limiting factor governing waterfowl production in the 
Prairie Pothole Region which supports greater than 50% of North America’s breeding 
duck population.  Depredation by predators accounts for 80% or more of nest losses each 
year (Klett 1988). Township size block predator management (BPM) has been effective 
at increasing duck nest success in North Dakota and Canada, but no BPM work has been 
done in South Dakota.  There has also been no research on the effects of BPM on 
pheasants.  The objectives of this study were to evaluate the effectiveness of increasing 
duck and pheasant nest success with the aid of trapping as a management tool.  Trappers 
hired by the Delta Waterfowl Foundation removed mammalian predators in northeast 
South Dakota on 2 36-square mile blocks from March 15-July15 in 2007 and 2009, and 3 
blocks in 2008.  Trappers removed 2,578 mammalian predators during this study, with 
raccoons (Procyon lotor) and striped skunk (Mephitis mephitis) making up 58% of their 
catch.  Trapped blocks along with a representative control block were searched for nests 
and monitored weekly to determine nest fate.  I found 2,706 duck nests and 717 pheasant 




ducks ranged from 17.1% to 57.8% in trapped areas and 10.2% to 61.9% in control areas.  
Mean Mayfield nest success for ducks was not significantly different between treatments 
(F1,8 = 0.93, P = 0.36), year (F2,8 = 2.01, P = 0.20), or year-treatment (F2,8 = 0.35, P = 
0.72) interactions.  Mayfield nest success for pheasants ranged from 5.0% to 47.9.0% in 
trapped areas and 4.1% to 51.7% in control areas.  Mean Mayfield nest success for 
pheasants was not significantly different between treatment (F1,8 = 0.17, P = 0.69), year 
(F2,8 = 1.47, P = 0.29), or year-treatment (F2,8 = 0.41, P = 0.68) interactions.  Positive 
trends related to trapping in South Dakota were site and year specific for both ducks and 
pheasants.  Future predator management in South Dakota should focus on areas of 
marginal nesting cover and should evaluate existing predator communities to maximize 
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CHAPTER 1: Introduction 
Literature Review 
The Prairie Pothole Region (PPR) of North America contains numerous small 
wetland basins and produces large numbers of ducks (Bellrose 1980).  Approximately 
50% of the annual waterfowl production in North America comes from the PPR (Kantrud 
1983).  Duck populations in the PPR have experienced a long-term decline in nesting 
success, and during the 1990’s nesting success was reduced to about 10% (Chodachek 
2003).  Reasons for this decline include increased agriculture, habitat fragmentation, 
wetland drainage and reduction of grassland (Cowardin et al. 1985, Greenwood et al. 
1995, Beauchamp et al. 1996).  Increased depredation of nests by predators (Garrettson 
and Rohwer 2001, Pearse and Ratti 2004) has also affected duck nesting success.  In 
areas of intense agriculture, risk of predation is greater because ducks are left to nest in 
remaining small and marginal pieces of cover (Sovada et al. 2001).  A few main life cycle 
demographics limit breeding ducks in the PPR including hen survival and brood survival, 
but nest success has the greatest impact on duck production (Hoekman et al. 2002).  
Beaucaump (1996) and Drever et al. (2007) showed nest success declines of upland 
nesting ducks in the PPR since the 1930s.   
Minimally, mallards require a yearly Mayfield nest success (Mayfield 1961) of 
15-20% to maintain populations (Klett et al. 1988).  Reynolds et al. (1996) found that 
40% of the prairie landscape must be in grassland for mallards to obtain this level of 
success.  Many landscapes in South Dakota have a much lower percentage of grassland 
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than 40% and these areas also have an unbalanced predator community (Sargeant et al. 
1993).  With a reduction in quality breeding habitat and an increase in predator numbers, 
waterfowl managers have focused their efforts on different ways to improve nest success 
of upland nesting ducks.  There have been numerous experiments with strategies to 
increase nesting success including acquiring more nesting habitat, constructing nesting 
islands, installing predator fences, and lethal predator control (Balser et al. 1968, 
Lokemoen and Woodward 1984, Clark and Nudds 1991, Pietz and Krapu 1994).  
Increasing nesting habitat and constructing nesting islands are both costly and only 
moderately increase nest success (Lokemoen and Woodward 1984, Clark and Nudds 
1991).  Predator fences work well in some situations but they are expensive to implement 
and require costly seasonal maintenance (Lokemoen and Woodward 1984, Peitz and 
Krapu 1994).   
The U.S. Department of Agriculture (USDA)’s Conservation Reserve Program 
(CRP) was responsible for close to 2 million ha of farmland being converted to perennial 
grass cover in the U.S. portion of the PPR by 1992.  Reynolds et al. (2001) estimated that 
this habitat produced 2 million additional ducks to the fall flight during the mid 1990s.  
However, CRP in the PPR has been greatly reduced.  South Dakota  had over 150,000 ha 
of CRP contracts expire in 2007 and 2008 with another 805,000 acres expiring by 2014 
(Switzer 2009). 
Human settlement and habitat destruction has altered predator abundance and 
distribution in the PPR.  The removal of large carnivores has caused an increase in 
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predators that are prolific at nest depredation on upland nesting birds (Greenwood et al. 
1995, Sovada et al. 2001, Pieron and Rowher 2010).  Predators such as red fox (Vulpes 
vulpes), raccoon (Procyon lotor), and striped skunk (Mephitis mephitis) limit duck 
production by affecting hen survival, duckling survival and nest success.  The primary 
source of hen mortality for waterfowl during the breeding season is predation (Sargeant 
and Raveling 1992).  The majority of nesting studies have reported more than 70% of 
nest failures can be attributed to predation (Sovada et al. 2001).  Predation rates may be 
high enough to depress recruitment below replacement levels for mallards and other 
species of ducks (Cowardin et al. 1985, Klett et al. 1988, Greenwood and Sovada 1996) 
in the PPR.     
In 1993, Delta Waterfowl Foundation (DWF) studied duck nesting success on 8 
trapped blocks and 8 untrapped blocks (41.5 km
2
).  The removal of predators 
dramatically increased duck nest success, with trapped blocks experiencing nearly twice 
the nest success of untrapped blocks (42% vs. 23%) (Garrettson and Rohwer 2001).  
Further studies with different sized trapped blocks have shown similar results: trapping 
increased nest success (Chodachek 2003, Pieron and Rohwer 2010).  Pearse and Ratti 
(2004) showed predator trapping also increased duckling survival.  Predator management 
has been more effective on large blocks than on smaller areas (Garretson et al. 1996).  
Block Predator Management (BPM) as implemented in DWF studies is the removal of 
mammalian predators in a 93.2 km
2
 study area by a single trapper from mid-March to 
mid-July with the goal of protecting upland nesting ducks.  In Towner County, North 
Dakota, there was 6-year average Mayfield nest success of 72% after BPM was initiated.  
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BPM has proven effective in North Dakota, but there have been no recent studies 
conducted to determine if success seen in North Dakota will be similar in the southern 
prairies of South Dakota. 
The ring-necked pheasant (Phasianus colchicus, hereafter pheasant) was 
introduced in South Dakota during the late 1800’s and early 1900’s (Trautman 1982, 
Switzer 2009).  Since their introduction, pheasant populations have fluctuated relating to 
gains and losses of upland habitat as well as favorable and unfavorable weather.  South 
Dakota has had periods when pheasant populations have greatly increased due to 
decreased farming, including during the 1930’s, around WWII in the 1940’s and during 
the early 1960’s of the Soil Bank Era (Trautman 1982).  The most current pheasant 
population boom started with the onset of CRP (Switzer 2009).  Nielson et al. (2006) 
estimated a 22% increase in pheasants along breeding bird survey routes with every 
increase of 319 ha of CRP within a 1000 m buffer around the route.  
Pheasant populations have a high annual turnover rate and their population is 
limited by environmental factors (Trautman 1982).  A single weather event can have 
devastating effects on a local population, such as the extreme blizzards of 1966 and 1975, 
causing severe pheasant losses in eastern South Dakota (Trautman 1982).  More recently, 
the winter of 1996-97 was recorded as the most severe winter since 1892 (Gabbert et al. 
1999).  During severe winter weather, a major source of mortality is increased predation 
on pheasants (Perkins et al. 1997, Gabbert et al. 1999).   
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Nest success is another important factor for limiting pheasant population growth.  
South Dakota’s main nesting season is from late April through June and pheasants rely on 
previous year’s residual cover for nest site selection (Trautman 1982).  Nesting in areas 
of grassland similar to those selected by upland nesting ducks, ring-necked pheasants can 
thrive in agricultural areas where pheasant production is influenced by farming practices 
(Chesness 1968).  Clark et al. (1999) found that to improve nest success for pheasants, 
grasslands greater than 15 ha are needed but they observed that success was greatest in 
patches 60 ha or larger.  In agricultural landscapes, predators were present most 
frequently near corridors and grassland patches in proximity of large grassland tracts 
(Kuehl and Clark 2002).  Predation accounted for 97% of ring-necked pheasant deaths 
with half of those deaths occurring during April and May in a South Dakota telemetry 
study (Lief 1996).   
Increased human population and associated agricultural land-use and habitat 
alterations have drastically changed South Dakota’s mammal populations and 
composition, with small carnivore populations allowed to boom (Trautman 1982).  
Humans have removed large predators such as bears, wolves, and mountain lions which 
served as natural population control for smaller carnivores like the red fox, raccoon and 
skunks (Trautman 1982).  Modern land use practices and habitat changes such as 
increased woodland acreages and abandoned farmsteads have helped small carnivores to 
thrive (Trautman 1982).  The number of active farms in South Dakota has decreased from 
a high of 84,300 farms in 1931 to 31,300 farms in 2007 (Switzer 2009), leaving more 
abandoned farmsteads on the landscape.   Due to their selection of den sites, striped 
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skunk activity was positively correlated with the number of farm sites in the area (Kuehl 
and Clark 2002). 
While research has documented the effects of BPM on duck nest success (Hoff 
1999, Garrettson and Rohwer 2001, Chodachek 2003, Pieron and Rohwer 2010), there 
have been no studies to evaluate the effects of BPM on upland game birds such as 
pheasants.  Trautman et al. (1974) found that intense predator removal greatly increased 
pheasant numbers in small areas of habitat in South Dakota.  Chesness et al. (1968) found 
pheasant hatching success was 19% higher in trapped than untrapped areas in south-
central Minnesota.  Previous BPM studies have been conducted in the central prairies of 
the PPR with no research in the southern prairies or areas with high pheasant densities.   
This study was designed to determine if BPM is a viable tool to enhance nest 
success and related recruitment of ground nesting ducks and pheasants.  The Prairie 
Pothole Joint Venture’s step-down plan (C. Dixon 2005, unpublished report) that focused 
on agricultural dominated areas in North and South Dakota listed increasing recruitment 
of ground nesting birds as a top priority.  Objectives of this goal were to increase the 
number of breeding duck pairs, improve waterfowl nest success and increase brood 
survival in cropland dominated landscapes of South Dakota.  In an effort to meet these 
goals, BPM was implemented and evaluated in selected areas of South Dakota.  Effects 
of BPM on pheasant production under the current timeframe and habitat conditions will 





My hypothesis was that BPM in northeast South Dakota would increase nest 
success of both upland nesting ducks and pheasants.  I expected to see results with BPM 
in South Dakota similar to those found in North Dakota by DWF.  The objectives of this 
study were:  (1) to determine duck and pheasant nesting success in areas in northeast 
South Dakota; (2) to compare these nest success rates with duck and pheasant nest 
success rates in areas where BPM was employed, and (3) to determine if BPM is a viable 
management option in South Dakota.   
Study Area: 
 This study was conducted in Roberts, Clark, Codington, and Beadle counties in 
northeastern and east-central South Dakota, USA.  This portion of the PPR was formed 
by the Pleistocene glaciations that deposited glacial till sediment and left the landscape 
dotted with shallow wetlands (Hogan 1991).  Almost 10% of eastern South Dakota’s 
landscape is covered by just under 100,000 of these shallow wetlands (Johnson et al. 
1997).  The northeastern portion of South Dakota lies along the Prairie Coteau which is 
located in the Northern Tallgrass Prairie Ecoregion (Bauman et al. 2003).  Northeastern 
South Dakota accounts for nearly half of all of eastern South Dakota’s semipermanent 
wetlands.  Near the James River Lowlands (Beadle County), mixed and tall grass prairies 
that once dominated eastern South Dakota are now fragmented with a high prevalence of 
agriculture as described by Johnson et al. (1995).  The main crops planted in eastern 
8 
 
South Dakota are corn (Zea mays), soybeans (Glycine max), and wheat (Triticum 
aesitvum).   
 Mean average annual temperature for northeast South Dakota is 5.5⁰ C with 55.7 
cm of total annual precipitation.  Eastern South Dakota’s primary species of upland 
nesting ducks are blue-winged teal (Anas discors), gadwall (A. strepera), mallard, 
northern shoveler (A. clypeata), and northern pintail (A. acuta).  Mammalian nest 
predators include badger (Taxidea taxus), coyotes (Canis latrans), Franklin’s ground 
squirrels (Spermophilus franklinii), mink (mustela vison), opossum (Didelphis 
virginiana), raccoon, red fox, spotted skunk (Spilogale putorius), striped skunk, and 











CHAPTER 2:  Ducks 
Introduction 
Nest success is the greatest limiting factor to waterfowl production in the PPR 
(Hoekman et al. 2002), which supports greater than 50 % of North America’s breeding 
duck population (Kantrud 1983).  Alterations and loss of habitat have been causes of 
declining nest success rates (Cowardin et al. 1985, Beauchamp et al. 1996).  Increased 
agriculture and habitat fragmentation has also altered predator communities and increased 
foraging efficiencies (Sargeant et al. 1993).  Depredation by predators accounts for 70% 
or more of nest losses each year (Sovada et al 2001).  With habitat restorations and 
improvements being able to moderately increase nest success (Clark and Nudds 1991), 
recent predator removal studies have shown substantial increases in nest success 
(Garretson and Rohwer 2001, Chodachek 2003, Pieron and Rohwer 2010).  These recent 
predator removal studies have taken place in North Dakota and Canada, but no similar 
studies have been conducted in South Dakota.   
Methods 
Study Site 
In 2007, with assistance from state and federal biologists, I selected township-
sized blocks (93.2 km
2
) in Clark, Codington, and Roberts Counties in northeastern South 
Dakota (Fig. 1-1, Appendix A).  The criteria used to select sites were (1) the site had 20-
40% grassland in an agriculture-dominated area, (2) the site had spring breeding densities 
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of at least 18.9 duck pairs per km
2
 and (3) the site had a high pheasant population 
(determined by state and federal managers).  There were paired sites in Roberts County 
and paired sites in Clark and Codington Counties.  One block of each pair was randomly 
selected to serve as a treatment site and the other served as a control (reference) site 
where no trapping took place.  Criteria were met for all the sites and the assumption was 
made that each set of paired sites had the same habitat variables.  The eastern block in 
Roberts and Clark/Codington counties were selected as treatments for 2007 and 2008. 
 In 2008, I used the same 4 blocks as in 2007 but added another treatment and 
control site in Beadle County (Fig. 1-1, Appendix A).  I added the Beadle County sites 
because of low pheasant nest sample size in Roberts County during 2007.  The new 
Beadle County sites had habitat composition similar to the sites used in 2007.  The 
southern block in Beadle County was randomly selected as the treatment site for 2008 
and the northern site served as the control block.  
 In 2009, I continued to use the same study blocks in Beadle, Clark and Codington 
counties (Fig. 1-1, Appendix A).  The only difference from previous years was that the 
treatments were switched on each paired site in these study areas.  The northern block in 
Beadle County and western block in Clark/Codington counties were trapped during 2009.  
Site specific bias was minimized by having each set of treatment and control blocks  in 
close proximity  as well as meeting the same landscape composition and bird densities.  
The switching of treatments in 2009 helped create a stronger inference about the 




  Delta Waterfowl Foundation hired 1 trapper for each trapped block to remove 
mammalian predators.  The trapping period was 15 March - 15 July each year.  The target 
species were raccoon, striped skunk and red fox, but other mammalian predators were 
also removed.  Date, location, trap type (cage trap, conibear, foot hold, snare, shot) and 
species was recorded for each mammal caught.   Trappers used similar traps and 
techniques throughout the trapping season and the assumption was made that trapping 
effort between trappers and between years was the same.  State and federal permits were 
issued to each trapper to allow trapping on state and federal lands.  Predator removal and 
nest searching on Waterfowl Production Areas (WPA) were approved through special use 
permits 64590-07-001, 64590-08-002, 64110-08-302, and 64110-09-30.  Trapping began 
on state, federal and private lands only after appropriate permission was acquired.  This 
study was approved by South Dakota State Universities Institutional Animal Care and 
Use Committee (IACUC) number for this study is 04-A022. 
Nest Searching and Monitoring 
I located suitable nesting cover in each site using aerial photos and land use 
shapefiles provided by County Farm Service Agency offices.  Suitable cover included 
federally-owned WPAs, state owned Game Production Areas (GPAs), state leased Walk-
In Areas and privately owned land.  Most privately owned land was enrolled in CRP, but 
suitable pasture or hay land was also searched.  Suitable nesting habitat (varying in size 
from 4 to 130 ha) was randomly selected for searching using the random number 
12 
 
generator in Excel.  I selected 10 quarter sections per block to nest search with a goal of 
locating 200 duck nests per site for data analysis.  Annual nest searching began in early 
May and continued through early July.    
To search for nests, I used a 50 m chain pulled between 2 all terrain vehicles 
(Klett et al. 1986).  Once a hen flushed, I indentified the species and walked to the flush 
point to find the nest.  Once a nest was located, it was numbered and marked with a piece 
of 1-m lathe approximately 3 m north of the nest.  The tip of each lathe was painted 
fluorescent orange to increase visibility for returning investigators.  Nest data was 
recorded for every nest on a nest card (Fig. 1-2).  Incubation stage was determined by 
candling duck eggs and referencing a chart printed on the back of each nest card as 
described by Klett et al. (1986).  After the initial nest detection, each nest was revisited at 
least every 8 days (Klett et al. 1986) until its fate was known.  At each nest visit, the 
status of the hen and nest were recorded as well as the current incubation stage.  Each 
nest’s final status was determined during the last visit as successful, abandoned, 
destroyed, nonviable, or unknown.  A nest was considered successful if at least 1 egg 
hatched (Klett et at. 1986).  Cause of failure for abandoned nests was classified as 
investigator disturbance, predator disturbance, machinery disturbance, flooding or 
unknown reasons.  Abandonment due to investigator disturbance occurred when there 
were no incubation advances between the initial visit and the second visit.  Predator-
induced abandonment occurred when a hen was absent from the nest and a portion of the 
clutch was depredated or missing since the previous visit.  Abandonment due to 
machinery occurred when there was evidence of machinery use at or near the nest site 
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that could have caused destroyed nests.  Flood abandonment occurred when the nest site 
was inundated with water.  Destroyed nests were classified as due to predator, 
investigator activity, machinery, flooded or unknown.  A nest was terminated and 
classified as nonviable when the hen was present and incubating eggs were not advancing 
in growth stage.  Field data were entered and organized using Microsoft Excel (Microsoft 
Office Excel 2007).  I used Mayfield’s method (Mayfield 1961), as modified by Johnson 
(1979) to calculate nest success and calculate 95% confidence intervals.  I used nest 
success estimates in an analysis of variance (PROC GLM; SAS Institute 9.3, Cary, NC) 
to test for treatment, year and year-treatment effects.  Microsoft Excel was used to create 
linear regressions evaluating partial depredation correlations.  
Cost Analysis 
An average of 80 duck pairs/mi
2 
for each block was used to calculate the potential 
number of nesting hens per block which was then multiplied by an average clutch size of 
10 eggs to get the potential number of ducklings per block.  The difference in nest 
success between trapped and control block was used to determine how many additional 
ducklings were produced in the trapped block.  Trapper’s salary of $25,000 was used to 








Trappers removed 2,578 predators of 10 species throughout the study.  Most of 
the trapper’s catches were comprised of striped skunk (28.7%), raccoon (28.1%), and 
Franklin’s ground squirrels (27.4%, Table 1-1).  Other species caught included opossum, 
badger, coyote, spotted skunk, mink, red fox and weasel (Table 1-1).  Total catch per 
block varied by year and site ranging from 234 to 618 mammals removed.  Franklin’s 
ground squirrels comprised a large portion of the catch in Clark, Codington, and Roberts 
Counties but none were found in Beadle County.  In Beadle County, there was a high 
number of badgers removed compared to the other blocks (Table 1-1).  Opossum were 
also more numerous in the Beadle County sites (Table 1-1).  
Nests 
I found 2,703 duck nests during the study.  Mallard (40.2%) and blue-winged teal 
(37.2%) were the most numerous species (Table 1-2).  Blue-winged teal were the most 
numerous nesting species in 2007 (42.2%) with mallards being most abundant in 2008 
(43.7%) and 2009 (38.1%, Fig. 1-3).  The number of duck nests found per block ranged 
from 105 to 231 (Table 1-2).  Northern shoveler had the earliest average nest initiation 
date (12 May) and gadwall had the latest average nest initiation date (24 May, Fig. 1-4).  
Investigator disturbance accounted for 1.6% of abandoned nests (Appendix B).  Predators 
destroyed 463 nests in all of the trapped blocks and 584 in all of the control blocks 
(Appendix B).  Pheasant eggs were present in 8.03% of the duck nests found. 
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Mayfield nest success    
Mayfield nest success results for ducks ranged from 17.1% to 57.8% in trapped 
areas and 10.2% to 61.9% in control areas (Table 1-3).   
Roberts County – In 2007, Mayfield nest success was similar in the control 
block (27.4%; 21.1-35.5) and the trapped block (23.8%; 18.3-30.9, Fig. 1-5).  No 
difference was detected in 2008 when nest success was higher in the trapped block 
(17.1%; 12.1-24.2) than the control block (10.2%; 6.7-15.5, fig. 1-5).  When data were 
pooled, there was no difference in nest success between trapped (21.5%; 17.5-26.4) and 
control blocks (18.4%; 14.6-23.0, Fig. 1-5).   
Clark/Codington County – In 2007, nest success was 15% higher in the trapped 
block (42.7%; 34.5-52.8) than the control block (27.0%; 21.0-34.7) and there was no 
overlap in confidence intervals.  In 2008, nest success was similar in the trapped block 
(32.0%; 24.9-41.2) and control block (26.5%; 20.4-34.4).  In 2009, nest success was 
similar in the trapped block (36.4%; 28.7-46.0) than the control block (29.7%; 22.5-39.0).  
When data were pooled, nest success was 9.4% higher in the trapped blocks (36.9%; 
32.2-42.2) than the control blocks (27.5%; 23.7-32.0, Fig. 1-6) and there was no overlap 
of confidence intervals.   
Beadle County – In 2008, Mayfield nest success was 3 times higher in the 
trapped block (57.8%; 47.6-70.1) than in the control block (19.2%; 12.9-28.4, Fig. 1-7) 
with no overlap of confidence intervals.  In 2009, nest success was similar in the trapped 
block (57.8%; 49.8-66.9)  and in the control block (61.9%; 52.5-72.9, Fig. 1-7).  When 
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data were pooled, nest success was 18% higher in the trapped block (58.0%; 51.6-65.2) 
than the control block (39.9%; 33.3-47.8, Fig. 1-7).  In 2008, nest success in the control 
block (19.2%; 12.9-28.4) tripled the following year when it was trapped in 2009 (57.8%; 
49.8-66.9,Fig. 1-7).   
When data from all 3 study sites were pooled, Mayfield nest success was 9.2% 
higher in trapped blocks (36.3%; 33.2 - 39.6) than in control blocks (27.1%; 24.4 – 30.2, 
Fig. 1-8) with no overlap of confidence intervals.   However, mean Mayfield nest success 
was not significantly different between treatments (F1,8 = 0.93, P = 0.36), year (F2,8 = 
2.01, P = 0.20), or year-treatment (F2,8 = 0.35, P = 0.72) interactions.   
Partial depredation 
 The percent of successful nests that had eggs missing or were partially destroyed 
ranged from 0% in the Beadle County control block in 2008 to 29.7% in the Roberts 
County trapped block in 2008 (Table 1-4).  The blocks where Franklin’s ground squirrels 
were present (Clark, Codington, and Roberts counties) had an average partial predation 
rate of 22.1% on successful nests.  In Beadle County, where no Franklin’s ground 
squirrels were documented, the average partial predation rate was 5.6%.  A positive 
correlation (R
2
 = .477) resulted between the percent of successful nests that experienced 






 I calculated an estimate of the number of additional ducklings produced and 




x  36 mi
2
 blocks 
2,880 nesting hens/block 
 x 10  egg average clutch 
28,800 potential ducklings 
 x .092   nest success difference (.363 vs .271)  
2,650 additional ducklings/trap block 
$25,000 trapper cost 
  ÷ 2,650 ducklings 
$9.43 per duckling 
An estimate of 18,550 additional ducklings were hatched with the aid of trapping during 
the duration of this study. 
Discussion 
Nest Success 
 Analysis of Variance results indicated that there was no difference in Mayfield 
nest success for ducks.  In addition, no year or year-treatment effects proved to be 
significant for mean Mayfield nest success at the 95% confidence level.  However, at 
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some sites during some years, it appeared that there was a biological significance 
between treatments.  With pooled data over the duration of this study, trapped blocks 
showed a 1.33 times increase over control blocks.  These results are lower than what was 
found in North Dakota in similar studies where there was an average increase of nest 
success of 1.4-2 times on trapped blocks (Pieron and Rohwer 2010).     
It is unclear why there was no increase in Mayfield nest success in Roberts 
County during this study.  Potential factors influencing my results include habitat 
differences, trapping effort, and predator community differences.  Grassland criteria of 
20-40% and spring pair densities of ducks were consistent in Roberts County as in other 
study sites.  Number and distribution of predator denning sites may have had an influence 
on predation rates.  Even though different trappers were used during 2007 and 2008, they 
caught and removed a large number of predators.  During 2008, there were 237 skunks 
removed from the study site which was the highest number removed during my 3-year 
study.  Predator removal was high, but predator densities may have been higher than at 
other study sites.  Based on field observations, predator community makeup was also 
different in Roberts County sites.  High Franklin’s ground squirrel densities were evident 
and may have been responsible for a significant amount of nest losses in Roberts County.  
Greenwood (1986) implicated Franklin’s grounds squirrels in severe depredation on duck 
nests in east-central North Dakota. 
In Codington and Clark County, trapped blocks showed a slight increase in 
Mayfield nest success during all 3 years of this study even though these were not 
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statistically significant.  Predator community and density factors may also have been a 
contributor in the results found in Codington/Clark Counties.  The trapper in 
Codington/Clark Counties catch records was the lowest of all the sites for all 3 years and 
a large portion (52%) consisted of Franklin’s ground squirrels.  This area of South 
Dakota may also receive more trapping pressure from local landowners based on field 
observations and discussions with landowners in the area.  Similar to Roberts County, 
Franklin’s ground squirrels were prevalent in Codington/Clark blocks which may have 
been a limiting factor in nest success.   
The strongest support for BPM came from Beadle County where a near tripling of 
nest success took place in 2008 when comparing the trapped block to the control block.  
The trapper’s catch indicated a different predator community than in the other study sites.  
During a single season of trapping in 2009, the Beadle County trapper removed 48% of 
the total number of raccoons trapped during this study.  Differences in the predator 
community were evident in Beadle County where no Franklin’s ground squirrels were 
caught or sighted during this study.  If partial nest depredation from Franklin’s ground 
squirrels was a factor in impeding BPM’s effectiveness in Roberts and Codington/Clark 
County blocks, then that might explain higher nest success in Beadle County.  Nest 
success rates for 2009 were high in both the trapped and control blocks.  Potential bias in 
the 2009 control block’s nest success rates could be due to predator removal taking place 





Biologists have made the assumption that there is no residual or carryover effect 
with predator removal from one year to the next.  This assumption has never been tested 
but is based on the fact that the same blocks trapped year after year in North Dakota have 
a similar predator catch each year (Joel Brice, DWF, Personal Communication).  
Mammalian predators can quickly rebound to their previous population levels through 
dispersal, immigration, and high reproductive rates.  Applying the effects of North 
Dakota’s trapping history to South Dakota may be biased based on the fact that we 
encountered different predator communities in South Dakota.  I found high Franklin’s 
ground squirrel densities in northeast South Dakota, but none in Beadle County.  
Opossums were present in Beadle County but not in the other sites.  In addition, Beadle 
County had a high density of badgers.  It is possible that there is a carryover effect of 
lower predator densities after a year of trapping.   
  From my data, it appears that there may have been a carryover effect from 
trapping in some of the blocks.  The highest trapped block nest success occurred in 2008 
(57.8%) in Beadle County and remained high in 2009 (61.9%) when that same site served 
as a control block (Fig. 1-10).  In Beadle County 110 badgers were removed making up 
87% of the total badger catch (Table 1-1).  Badgers are more territorial, have larger home 
ranges, and also have lower reproductive rates than other mammals such as raccoon and 
striped skunks.  Badger populations may not be able to rebound in one year after intense 
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trapping pressure.  Badger populations may also limit high population levels of striped 
skunk (Johnson et al. 1989, Sovada et al. 2001).   
Results from Beadle County were very different between 2008 and 2009.  Data 
from 2008 showed strong support for BPM as nest success in the trapped block was 3 
times greater than the control block.  That same increase wasn’t achieved in 2009.  The 
lack of an increase in nest success in 2009 in Beadle County could be biased if there was 
a potential carryover effect taking place because the control block in 2008 showed the 
same increase of 3 times higher nest success when we trapped and removed 600 target 
predators in that same block in 2009 (Fig. 1-11).   
The support for BPM in Beadle County may also have been due to a lack of 
Franklin’s ground squirrels.  Sowls (1948) found that in areas with high densities of 
Franklin’s ground squirrels in Manitoba, the squirrels destroyed 12 percent of duck nests.  
High densities of Franklin’s ground squirrels in Clark, Codington, and Roberts counties 
were reported through sightings from trappers and research technicians.  Trappers 
removed 706 Franklin’s ground squirrels in these counties making up 43.9 percent of 
their total catch.  The presence or absence of ground squirrels and abundance of other 
small mammals could be positively correlated with nest success (Beauchamp et al. 1996).     
Due to difficulties in identifying a predator based from nest remains (Lariviere 
1999), I did not attempt to determine which predator species destroyed each nest.  
However, I often documented Franklin’s ground squirrels at the nest depredating part of 
the clutch.  Franklin’s ground squirrels have been identified as a nest predator, but the 
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extent of their depredation on duck eggs has not been documented throughout their range.  
Greenwood (1986) found that Franklin’s ground squirrels removed eggs from 27% of 
nests.  I found the proportion of nests that were partially depredated was higher in areas 
where Franklin’s ground squirrels were present.  With evidence of Franklin’s ground 
squirrels at the nest and having a correlation with partially depredated nests, it is likely 
that they accounted for a portion of completely destroyed nests.     
Red fox are extremely effective nest predators on eggs as well as nesting hens.  
Sargeant (1972) showed that red fox selected for adult female waterfowl with hens 
comprising over 84 percent of adult waterfowl in their diet.  The last time the eastern 
Dakotas experienced high fox populations was in the 1970’s.  Coyote populations have 
expanded and have prevented red fox from returning in high numbers on the landscape 
(Sargeant 1987, Harrison et al. 1989, Sovada 1995).  During my study, red fox 
populations were low and coyotes were numerous throughout eastern South Dakota.   
Sovada et al. (1995) showed duck nest success to average 15% higher in areas dominated 
by coyotes than in areas dominated by red fox in North and South Dakota.  Coyotes also 
may limit raccoon densities (Johnson et al. 1989).   High levels of coyotes with few red 
fox on the landscape may help explain high nest success rates in control blocks (Pieron 
and Rohwer 2010).         
Habitat Influences  
The high nest success I found on control sites may indicate that BPM is 
unnecessary with habitat conditions present during the study.  In the study areas of 20-
23 
 
40% grass, the nest success (27.1%) on control sites was high enough to sustain the duck 
population (Klett et al. 1988).  In areas of eastern South Dakota where large blocks of 
grass are present on the landscape, a program like BPM is not recommended when 
populations are maintaining themselves.   
Large continuous tracts of grasslands in eastern South Dakota are diminishing.  
Currently, South Dakota is losing over 1,000,000 acres of CRP which has been driven by 
expiring CRP contracts and high row crop commodity prices.  Without these large areas 
of grass on the landscape, attaining high nest success rates will be difficult because 
depredation is worse when large areas of the landscape have been converted into 
cropland (Sovada et al. 2001).  Predator foraging efficiency increases when grassland 
tract size decreases due to an increase in edge effect.  Portions of eastern South Dakota 
with a low percentage of grass may provide enhanced duck nest success with use of 
BPM.  With the uncertainty of losing grassland acres, BPM may still be an effective tool 
for managers and private landowners looking to maximize the potential of remaining 
grasslands.  I feel that a large scale (township sized) trapping program would be most 








This study produced close to 20,000 additional ducklings throughout the 3 years 
of trapping predators.  The cost and logistics of hiring a full time trapper for 4 months 
during spring equates to $10 for every extra duckling produced.  Managers must decide if 
this money is well spent or if it would be better spent in alternative management 





Table 1-1.  Total number of mammals trapped by species in each trapped block during the Block Predator Management study in 
eastern South Dakota, 2007-2009. 
 2007 2008 2009     
Species Roberts Codington Roberts Codington Beadle Clark Beadle Total % Total 
Badger 2 7 2 2 64 4 46 127 4.9% 
Coyote 5 10 9 5 18 6 16 69 2.7% 
Franklin’s Ground Squirrel 144 185 143 144 0 90 0 706 27.4% 
Mink 0 0 7 0 2 3 4 16 0.6% 
Opossum 2 1 1 2 77 1 48 132 5.1% 
Raccoon 35 26 69 35 137 72 351 725 28.1% 
Red Fox 5 0 0 5 0 0 0 10 0.4% 
Skunk spp. 142 63 237 80 53 58 151 784 30.4% 
Weasel spp. 2 2 1 2 0 0 2 9 0.4% 















Table 1-2.  Number of upland nesting duck nests by species in trapped and control sites, during the Block Predator 
Management study in eastern South Dakota, 2007-2009. 
 
Site Year AMWI BWTE CANV GADW LESC MALL NOPI NSHO REDH Total 
Trapped            
Codington 2007 0 86 0 31 0 77 3 11 0 208 
Roberts 2007 0 109 0 14 0 103 2 3 0 231 
Codington 2008 0 46 0 29 0 101 5 16 0 197 
Roberts 2008 0 71 0 23 0 96 2 9 0 201 
Beadle 2008 0 47 0 33 0 54 8 15 1 158 
Clark 2009 1 50 0 15 0 124 9 12 1 212 
Beadle 2009 0 106 0 39 0 34 14 31 1 225 
Control              
Clark 2007 0 84 0 22 0 95 14 12 1 228 
Roberts 2007 0 110 1 18 0 59 2 22 0 212 
Clark 2008 0 46 0 20 1 120 6 14 0 207 
Roberts 2008 0 68 0 27 0 63 4 15 0 177 
Beadle 2008 0 55 0 14 0 23 6 7 0 105 
Codington 2009 0 58 0 13 1 82 2 13 0 169 
Beadle 2009 0 70 0 25 0 56 10 11 1 173 
Total  1 1006 1 323 2 1087 87 191 5 2703 
% Total   0.04% 37.22% 0.04% 11.95% 0.07% 40.21% 3.22% 7.07% 0.18%   
 
Common Name *AOU code 
American Widgeon AMWI 
Blue-winged Teal BWTE 
Canvasback CANV 
Gadwall GADW 
Lesser Scaup LESC 
Mallard MALL 
Northern Pintail NOPI 







Table 1-3.  Mayfield nest success for ducks during the Block Predator Management study in eastern South Dakota, 
2007-2009. 
 







2007          
Codington trapped 208 139 64 1 4 42.7% 34.5% 52.8% 
Clark control 228 115 106 4 3 27.0% 21.0% 34.7% 
Roberts trapped 231 107 118 2 4 23.8% 18.3% 30.9% 
Roberts control 212 101 99 4 8 27.4% 21.1% 35.5% 
2008          
Codington trapped 197 112 82 2 1 32.0% 24.9% 41.2% 
Clark control 207 103 103 0 1 26.5% 20.4% 34.4% 
Roberts trapped 201 91 102 5 3 17.1% 12.1% 24.2% 
Roberts control 177 47 117 6 7 10.2% 6.7% 15.5% 
Beadle trapped 158 123 32 2 1 57.8% 47.6% 70.1% 
Beadle control 105 33 70 0 2 19.2% 12.9% 28.4% 
2009          
Beadle control 173 131 34 5 3 61.9% 52.5% 72.9% 
Beadle trapped 225 158 55 7 5 57.8% 49.8% 66.9% 
Codington control 169 87 78 4 0 29.7% 22.5% 39.0% 









Table 1-4.  Percent of partially destroyed duck nests during the Block Predator 
Management study in eastern South Dakota, 2007-2009. 
     
      All nests   % Partially destroyed 
Block Treatment N successful failed  % successful % destroyed 
2007       
Roberts Trapped 231 107 118 20.6% 23.7% 
Roberts Control 212 101 99 27.7% 23.2% 
Codington Trapped 208 139 64 18.0% 18.8% 
Clark Control 228 115 106 19.1% 25.5% 
2008        
Codington  Trapped 197 112 82 29.5% 34.1% 
Clark Control 207 103 103 20.4% 30.1% 
Beadle Trapped 158 123 32 8.1% 12.5% 
Beadle Control 105 33 70 0.0% 12.9% 
Roberts Trapped 201 91 102 29.7% 21.6% 
Roberts Control 177 47 117 14.9% 27.4% 
2009        
Clark Trapped 212 134 74 21.6% 18.9% 
Codington  Control 169 87 78 19.5% 23.1% 
Beadle Trapped 225 158 55 8.2% 32.7% 

















Figure 1-1.  Map of South Dakota East of the Missouri River highlighting counties and 







    
 
Figure 1-2.  Front and back of nest card used for recording duck nests during the Block Predator Management study in eastern South 
Dakota, 2007-2009.   
Block  _____________________ Legal  ______________________ Nest #________________ 
 
     
Species___________________ Stake Location________ Search   Flushed  
 (if other than North)  Method: _________ by:            ________ 
         
GPS Easting  __ __ __ __ __ __  
GPS Northing __ __ __ __ __ __ __ 
Visit # Date  Time  Hen     Nest            #             Inc.        Observers 
                     (6/17/2008) (Military)   Status    Status       Eggs        Stage   
 
__0__ _________ ________    _____     _____       _____        ______    __________________ 
_____ _________ ________    _____     _____       _____        ______    __________________ 
_____ _________ ________    _____     _____       _____        ______    __________________ 
_____ _________ ________    _____     _____       _____        ______    __________________ 
_____ _________ ________    _____     _____       _____         ______    __________________ 
_____ _________ ________    _____     _____       _____        ______    __________________ 
_____ _________ ________    _____     _____       _____        ______    __________________ 
 
 
Full Clutch Initiation Date Inc. Length Hatch Date Fate Cause Unhatched Eggs 
    (if known)  (i.e., whole eggs) 



















MAP GUIDELINES NEST MAP 
 
1.  Always mark North pointing to top of page. 
2.  Use identifiable and permanent landmarks. 
(Ex. - roads, trails, buildings, trees, hills, 
wetlands, fences) 
3.  Include nearby marked nests. 
4.  Use meters to estimate distance. 
(3 ft.  1 yd.  1 m.) 
5.  Mark nest with an “X” and number under it. 
 
Hen Status 
0 Hen Absent, Nest Successful 
1 Hen Absent, Eggs warm/covered 
2 Hen Absent, Eggs warm/uncovered                
3 Hen Absent, Eggs cold/ covered 
4 Hen Absent, Eggs cold/uncovered 
5 Hen Absent, All eggs missing/destroyed   
6 Hen Present - Alive 




2 Investigator Damage 
3 Partly destroyed by predator 
4 Totally destroyed by predator 
5 Some eggs missing (predator) 
6 Nest previously damaged 
 
Incubation Stage Nest Fate Cause of Failure                Search Method  Flushed By 
nn - Number of days 1 - Successful P - Predator                 A - ATV      C - Chain 
PIP - Pipping 2 - Abandoned I - Investigator Activity       P – Pickup    V - Vehicle 
HY - Hatched - young 3 - Destroyed M - Machinery (farm)         H - Hockey Stick I - Investigator 
HNY - Hatched - no young 4 - Nonviable F - Flooded                        D - Dog            D - Dog 
 5 – Unknown U – Unknown                     I - Incidental 
 O - Other 
 
INCUBATION STAGE (DAYS) 












Figure 1-3.  Number of nests found for the 5 most common upland nesting duck species 































Figure 1-4.  Average initiation date of upland nesting duck species during the Block 

























Figure 1-5.  Mayfield nest success for ducks during the Block Predator Management 

































Figure 1-6.  Mayfield nest success for ducks during the Block Predator Management 





























Figure 1-7.  Mayfield nest success for ducks during the Block Predator Management 


































Figure 1-8.  Pooled Mayfield nest success for ducks during the Block Predator 































Figure 1-9.  Linear correlation between percent of Franklin’s ground squirrels in the 
trappers’ catches and percent partial depredation of successful duck nests during the 
































Figure 1-10.  Percent Mayfield nest success of upland nesting ducks highlighting 2008’s 
trapped block retaining high nest success when serving as a control in 2009 during the 


































Figure 1-11.  Percent Mayfield nest success highlighting the increase from 2008’s control 
block when trapped in 2009 for upland nesting ducks during the Block Predator 








































CHAPTER 3:  Pheasants 
Introduction: 
The first successful ring-necked pheasant releases in South Dakota occurred in 
1908 and the current population is around 10 million birds (Switzer 2009).  Pheasants 
have a 200 million dollar impact on the state’s economy annually (Switzer 2009).  South 
Dakota Game, Fish and Parks Department directs many habitat projects and management 
at maintaining and improving the state’s pheasant population.  Pheasant management in 
South Dakota includes maintaining annual survey records to evaluate population 
composition and trends, enforcing game laws, assisting private landowners in habitat 
improvements, restoration or improvements of pheasant habitat on state lands, and 
through public education (Trautman 1982).   
Many nesting ecology based studies have been conducted on pheasants.  Day 
length influences pheasant egg production starting in late April with peak activity 
throughout May (Trautman 1982).  During the laying process, pheasants lay an egg every 
1.3 days.  Reports of nest success have varied between studies with Olsen (1975) 
reporting 23.7% success for 186 pheasants monitored in eastern South Dakota.  In a 
telemetry study in the early 90’s, Clark et al. (1999) found Mayfield nest success rates of 
53.8% and 39.8% in 2 different northern Iowa locations.  Fisk (2010) found pheasant 
Mayfield nest success of 13.2% in 2008, and 4.8% in 2009 in eastern South Dakota.  
Linder et al. (1960) suggested that in years of high populations, voluntary abandonment 




When Trautman et al. (1974) reduced red fox, raccoon, badger, and striped skunk 
populations to about one third of their original population over 5 years of predator 
control, the pheasant population increased by 338% over the 1966 pre-control population.  
In southern Minnesota, Chesness et al. (1968) found pheasant hatching success increased 
to 32 percent in trapped areas over 16 percent in non trapped areas.  A study in Utah 
using small trapped blocks showed that effects of predator removal were short lived 
because predators quickly immigrated back to treated areas (Frey et al. 2003).  Riley and 
Schulz (2001) concluded that while mammalian predators can cause a significant 
decrease in pheasant survival during nesting and winter seasons, removing predators is 
only effective during the time of predator removal and removing densities of some 
predators might be compensated by other predators.  While an increase in duck nesting 
success with predator removal has been found in numerous studies (Seargeant et al. 1995, 
Hoff 1999, Garrettson and Rohwer 2001, Chodachek 2003, Pieron and Rohwer 2010), 
there have been no recent Block Predator Management studies measuring pheasant nest 
success.  Determining the effects of predator removal on pheasant nest success under 
South Dakota’s current habitat conditions and predator community is useful to compare 
to historic pheasant studies as well as current duck nesting studies. 
  Pheasants have small home ranges, so quality habitat needs to incorporate 
nesting, brood rearing, and winter cover.  Unlike migratory waterfowl, chick survival and 
surviving the first winter are the most important factors for pheasants (Clark et al. 2008).  
Increased area of quality habitat with the onset of CRP over the last 20 years along with 




bank era of the mid-1960’s (Switzer 2008).  In 2009, South Dakota had over 1 million 
acres of CRP, but by 2014 an estimated 805,000 acres are scheduled to retire which could 
have negative effects on pheasant populations and other wildlife (Switzer 2009).  
Methods 
The study sites (Fig. 1-1) and trapping methods were the same as in the duck 
nesting portion of this study (Chapter 2).  
Nest Searching and Monitoring 
I used several methods for finding pheasant nests but the majority of nests were 
found using the chain drag method (Chapter 2).  I also used a method where 3 to 6 
investigators would walk an arm’s length apart moving the grass with hockey sticks or 
pieces of lathe to find pheasant nests (Hankins 2007).  I also found some nests with the 
aid of trained hunting dogs (Gutzwiller 1990).   
Once a hen flushed, I walked to the flush point to look for the nest.  When I found 
a nest, it was numbered and marked with a piece of 1-m lathe approximately 3 m north of 
the nest.  The tip of each lathe was painted fluorescent orange to increase visibility for 
returning investigators.  Nest data was recorded for every nest on a nest card (Fig. 2-1).  
Incubation stage was determined by floating pheasant eggs and referencing a chart 
printed on the back of each nest card (Westerskov 1950).  I revisited each nest at least 
every 8 days (Klett et al. 1986) until it was terminated.  At each nest visit, the status of 




status was determined during the last visit as successful, abandoned, destroyed, nonviable 
or unknown (Chapter 2).  Field data was entered and organized using Microsoft Excel 
(Microsoft Office Excel 2007).  The Mayfield Method (Mayfield 1961), as modified by 
Johnson (1979), was used to calculate nest success and I used 95% confidence intervals 
to compare trapped and control block nest success results.  I used nest success estimates 
in an analysis of variance (PROC GLM; SAS Institute 9.3, Cary, NC) to test for 
treatment, year and year-treatment effects.  I used linear regression in Microsoft Excel 
(Microsoft Office Excel 2007) to find correlations between the number of Franklin’s 
ground squirrels trapped and the number of partially depredated nests and correlations 
between the number of pheasant nests found and the incubation stages of the nests.    
In 2008 and 2009 more detailed field notes were recorded in a daily research log 
to evaluate nest detection efficiency.  Date, location, search method, number of nests 
found, number of hens flushed and number of broods flushed were all recorded daily for 
every site visited (Appendix C).  Data was entered and organized in Microsoft Excel 
(Microsoft Office Excel 2007) to compare descriptive statistics of detection rates and 
search effort differences between search methods used.  
Results 
I found 715 pheasant nests during the study.  The number of pheasant nests found 
per block ranged from 15 to 120 (Table 2-1).  The average pheasant nest initiation date 
was 25 May in 2007, 23 May in 2008 and 19 May in 2009.  Mean clutch size was 13.1 




abandoned.  More nests were found while still in the laying stages or during early 
incubation versus late in incubation stages (R
2
=0.9, Fig. 2-2).     
Predators  
Predators destroyed 118 nests in all of the trapped blocks and 139 in all of the 
control blocks (Table 2-1).  Trappers removed 2,578 mammalian predators of 10 species 
throughout the study (Chapter 2, Table 1-1). 
Mayfield Nest Success 
Mayfield nest success results for pheasants ranged from 5.0% to 47.9% in trapped 
areas and 4.1% to 51.7% in control areas (Table 2-1).    
Roberts County – Insufficient sample sizes were available to provide a 
meaningful estimate of nest success (Table 2-1).   
Codington County – In 2007, Mayfield nest success was 8.7% higher in the 
trapped block (13.9%; 6.3-29.8) than the control block (5.2%; 2.0-13, Table 2-1).  In 
2008, nest success was 14% higher in the trapped block (18.3%; 10.3-32.1) than the 
control block (4.2%; 1.6-10.0, Table 2-1).  In 2009, Mayfield nest success was similar in 
the trapped block (15.4%; 5.9-38.7) and the control block (13.6%; 5.5-32.9, Table. 2-1).  
When data were pooled, Mayfield nest success was 10.4% higher in trapped blocks 
(16.4%; 10.7-24.3) than in control blocks (6.0%; 3.5-10.2, Fig. 2-2). 
Beadle County - Mayfield nest success was 9 times higher in the trapped block 




In 2009, nest success was similarwithin the control block (51.7%; 39.0-68.4) and the 
trapped block (47.9%; 29.3-78.0, Table 2-1).  Pooled data indicated no difference in the 
trapped (33.5%; 21.4-52.2) and control blocks (31.6%; 22.5-44.1, Fig. 2-4).  However, 
nest success substantially increased when we switched treatments in 2009, going from 
4.9% as a control block in 2008 to 47.9% when it was trapped in 2009 (Fig. 2-5). 
When data from all 3 study sites were pooled, Mayfield nest success was similar 
in trapped blocks 21.9% (95% CI, 16.6 – 28.9; n = 336) and in control blocks 15.1% 
(95% CI, 11.3 – 20.2; n = 379; Fig. 2-6).   Mean Mayfield nest success was not 
significantly different between treatment (F1,8 = 0.17, P = 0.69), year (F2,8 = 1.47, P = 
0.29), or year-treatment (F2,8 = 0.41, P = 0.68) interactions. 
Abandonment 
 Nest abandonment was high (22.9%, Appendix D).  Of the 164 pheasant nests that 
were abandoned, most hens were still in the laying (57%) or early incubation (39%) 
stages (Fig.2-7).   
Partial Predation 
 The percent of successful nests that had eggs missing or were partially destroyed 
ranged from 0% to 38.5% (Table 2-2).  The blocks that had Franklin’s ground squirrels 
present (Clark, Codington, and Roberts Counties) had an average partial predation rate of 
18.3% on their successful nests.  Beadle County, where no Franklin’s ground squirrels 




percent of successful nests where partial nest loss took place and the percent composition 
of Franklins ground squirrels in the trapper’s catches resulted in a very weak positive 
correlation (R
2
 = .029, Fig. 2-8). 
Detection Rates 
In 3 years of nest searching, 606 of 715 pheasant nests were found using the chain 
dragging method (Appendix E).  In 2008 and 2009, chain dragging had the lowest 
percentage of nests found for pheasants (26.4%; 26.3-26.5, Appendix E).  The use of 
dogs was the most efficient based on having the most nests found per man-hour (3.37; 
1.4-5.3) and the hockey stick method was the lowest (0.88; 0.5-1.3, Appendix E).  For 
every hen flushed while nest searching, the hockey stick method found a nest 100% of 
the time (Appendix E).   
Discussion 
Nest Success 
 Nest success was relatively low for pheasants in this study on most of the blocks 
in most years.  During 2008 and 2009, Fisk (2010) also found low success rates in eastern 
South Dakota with Mayfield nest success estimates of 13.2% and 4.8% respectively.  
Beadle County was an exception in this study with nest success in the 40-50% range.  
Clark et al. (2008) calculated that pheasants need Mayfield nest success of 42% to 




found Mayfield nest success rates of 53.8% and 39.8% in northern Iowa.  Purvis et al. 
(1999) found 46% apparent nest success for pheasants in eastern South Dakota.    
 No treatment, year or year-treatment effects proved to be significant for mean 
Mayfield nest success at the 95% confidence level.  However, Clark and Codington 
counties pheasant Mayfield nest success was higher in trapped blocks in all 3 years as 
well as when data were pooled.  When treatments switched blocks in 2009, nest success 
on the trapped site was comparable to the previous 2 years’ trapped success rates but the 
control success rate was 3 times higher than the previous 2 years.  This change may have 
been due to a carryover effect with having 2 years of trapping history on 2009 control 
block.     
There was a 9-fold increase of Mayfield nest success in the trapped block in 
Beadle County in 2008 (Fig. 2-5).  However, pooled data in Beadle County did not show 
a difference in nest success due to high success rates in both trapped and control blocks in 
2009.  Pheasant nest success in Beadle County increased greatly in 2009 when the 2008 
control block was trapped (Fig. 2-6).  Having this pretreatment data shows strong support 
for BPM when trapping the next year resulted in a 10 fold-increase in nest success. 
Abandonment 
Pheasants (23%) were more prone to abandon their nests than ducks (2%).  Other 
South Dakota studies showed pheasant abandonment rates of 19.4% (Olson 1975) and 
32.8% (Fisk 2010).  Evans and Wolfe (1967) found abandonment rates of pheasants still 




sample size was considerably smaller increasing variability of data.  The more investment 
a hen had in her nest (later incubation stages) the less likely she was to abandon her nest.  
In addition, hens late in the incubation stage were not as likely to flush from their nest.   
I observed numerous instances where hen pheasants sitting on their nest did not 
flush from the chain.  I believe a substantial proportion of pheasant nests went undetected 
using the chain dragging method.  Field observations led me to believe that the most 
successful hens held the tightest on their nest making them the most difficult to detect 
and hens more prone to flushing early were hens more likely to abandon their nests.   
Nest success estimates from this study may not have been accurate due to high 
abandonment rates and failure to detect a significant portion of the successful nests.  
Pheasants are prolific re-nesters (Trautman 1982) so many hens that abandoned or had 
failed nests during this study may have re-nested until they successfully hatched a clutch.  
Being able to follow re-nesting attempts, a telemetry study may be a more reliable way to 
account for accurate hen success levels. 
Nest Parasitism 
Pheasants are known to parasitize nests of other ground nesting birds (Trautman 
1982, Krakauer and Kimball 2009, Flake et al. 2010, Geaumont et al. 2010), but I could 
not determine if intraspecific brood parasitism was taking place.  Geaumont et al. (2010) 
found 80% of sharp-tail grouse (Tympanuchus phasianellus) in North Dakota were 
parasitized by pheasants and pheasant eggs have also been found in duck nests (Trautman 




parasitism in my study as I found 217 duck nests with pheasant eggs present.  
Westemeier et al. (1998) found 5 prairie chicken (Tympanuchus cupido) nests in Illinois 
where the hen led hatched parasitic pheasant chicks away from the nests and abandoned 
her eggs.  I found 1 prairie chicken nest in Clark County during this study and she 
hatched the pheasant eggs in her nest while abandoning her prairie chicken eggs. 
Nest Detection 
More nests were found using more intense searching methods such as the hockey 
stick method, but these methods created other limitations for a large scale study such as 
this one.  Time and manpower were the biggest limitations with the hockey stick method.  
Using the chain dragging method, I experienced low detection rates for pheasants.  
Although effective, there are limitations to using dogs for detecting nests.  The average 
time of day we found our pheasant nests while nest searching was 12:35 in the afternoon 
(n=715).  This is during peak heat hours when a dog will fatigue fast and scent detection 
decreases (Gutzwiller 1990).  Time of day was also recorded as Klonglan et al. (1956) 
found in a nest activity study that the majority of egg laying took place from 10:00 a.m. 
to 3:00 p.m. and incubating hens were most likely to take an afternoon break during the 
times of 3:00 and 6:00 p.m.   
Predator Influences 
Growing to adulthood, winter survival, and attaining adequate nest success are 
important factors for pheasant production (Trautman 1982, Perkins et al. 1997, Gabbert et 




program might be beneficial for pheasants carried on throughout the year.  During severe 
winter weather, a major source of mortality is predation on pheasants (Perkins et al. 1997, 
Gabbert et al. 1999), so predator removal during these times could alleviate some 
mortality.  When Trautman et al. (1974) used intense predator removal techniques, 
pheasant populations quadrupled compared to control areas.   
 Potential bias in nest success for the control blocks in 2009 could be due to 
predator removal taking place on these blocks the previous year when they served as 
trapped blocks.  Potential carryover effects with predator removal and switching 
treatments in 2009 is discussed in detail in Chapter 2.  Interactions between treatments 
for pheasant nest success in Beadle County were very similar to duck nest success (Fig. 
2-5, Fig. 1-7).  If a carryover effect of predator removal was the cause for high nest 
success in 2009’s control block, that interaction was evident with both duck and pheasant 
nests.  A lingering carryover effect with a predator removal program may have greater 
effects on pheasants than ducks as pheasants are subject to predation year round.  
Chesness et al. (1968) did not find any carryover benefits after one year of predator 
removal in a southern Minnesota study.   
The proportion of pheasant nests that were partially depredated but still successful 
was higher in areas where Franklin’s ground squirrels were present (18.3%) than in areas 
without Franklin’s ground squirrels.  The correlation was not strong, but I believe it was 







 Historic population declines and peaks have been correlated with declines and 
peaks of grassland habitat on the landscape (Trautman 1982, Switzer 2009).  CRP is a 
contributing factor in current high pheasant populations, but the future of CRP is 
uncertain.  Riley (1995) showed pheasant numbers to be positively correlated to CRP and 
Haroldson et al. (2006) found for every 10% increase of grass, spring and summer road 
survey counts increased substantially.  Studies showing positive relationships between 
CRP and pheasants along with the projected 805,000 acres of CRP that South Dakota is 
expected to lose by 2014 (Switzer 2009), indicate that pheasant populations will take a 
downward turn.  
 Variances in small scale habitat variables are hard to control between treatments 
and could be a source of variation between sites.  Site specific habitat has also been 
shown to have a difference in nest success. Predation is greatest for nests that have poor 
concealment (Chesness et al. 1968, Clark and Nudds 1991).   Large tracts of cover are 
especially important to achieve high production levels for early nesters that rely on last 





Table 2-1.  Mayfield nest success for pheasants during the Block Predator Management study in eastern South Dakota, 
2007-2009. 
 







2007          
Codington Trapped 57 23 26 8 0 13.9% 6.3% 29.8% 
Clark Control 62 13 41 8 0 5.2% 2.0% 13.0% 
Roberts Trapped 17 4 11 2 0 12.1% 3.3% 42.2% 
Roberts Control 20 8 10 2 0 25.3% 10.5% 59.8% 
2008          
Codington Trapped 77 35 36 6 0 18.3% 10.3% 32.1% 
Clark Control 74 14 49 10 1 4.1% 1.6% 10.0% 
Roberts Trapped 15 3 9 3 0 5.0% 0.7% 35.0% 
Roberts Control 19 7 8 2 2 14.3% 3.5% 55.1% 
Beadle Trapped 80 36 13 30 1 45.0% 28.8% 69.9% 
Beadle Control 37 8 21 8 0 4.9% 1.3% 17.9% 
2009          
Beadle Control 120 55 22 43 0 51.7% 39.0% 68.4% 
Beadle Trapped 56 21 9 26 0 47.9% 29.3% 78.0% 
Codington Control 47 16 20 10 1 13.6% 5.5% 32.9% 









Table 2-2.  Percent of partially destroyed pheasant nests during the BPM study in  
northeast South Dakota, 2007-2009. 
    
      All nests   % Partially destroyed 
Block Treatment N successful failed  % successful % destroyed 
2007       
Roberts Trapped 17 4 11 0.0% 54.5% 
Roberts Control 20 8 10 37.5% 30.0% 
Codington Trapped 57 23 26 0.0% 19.2% 
Clark Control 62 13 41 38.5% 24.4% 
2008        
Roberts Trapped 12 3 9 33.3% 22.2% 
Roberts Control 19 7 8 14.3% 25.0% 
Codington  Trapped 71 35 36 14.3% 25.0% 
Clark Control 74 14 49 28.6% 49.0% 
Beadle Trapped 80 36 13 0.0% 38.5% 
Beadle Control 37 8 21 0.0% 23.8% 
2009        
Clark Trapped 34 12 16 16.7% 31.3% 
Codington  Control 47 16 20 0.0% 15.0% 
Beadle Trapped 56 21 9 0.0% 33.3% 





Figure. 2-1. Front and back of nest card used for pheasants during the Block Predator Management study in eastern South Dakota, 
2007-2009.   
MAP GUIDELINES NEST MAP 
 
1.  Always mark North pointing to top of page. 
2.  Use identifiable and permanent landmarks. 
(Ex. - roads, trails, buildings, trees, hills, 
wetlands, fences) 
3.  Include nearby marked nests. 
4.  Use meters to estimate distance. 
(3 ft.  1 yd.  1 m.) 
5.  Mark nest with an “X” and number under it. 
 
Hen Status 
0 Hen Absent, Nest Successful 
1 Hen Absent, Eggs warm/covered 
2 Hen Absent, Eggs warm/uncovered                
3 Hen Absent, Eggs cold/ covered 
4 Hen Absent, Eggs cold/uncovered 
5 Hen Absent, All eggs missing/destroyed   
6 Hen Present - Alive 




2 Investigator Damage 
3 Partly destroyed by predator 
4 Totally destroyed by predator 
5 Some eggs missing (predator) 
6 Nest previously damaged 
 
Incubation Stage Nest Fate Cause of Failure                Search Method  Flushed By 
nn - Number of days 1 - Successful P - Predator                 A - ATV      C - Chain 
PIP - Pipping 2 - Abandoned I - Investigator Activity       P – Pickup    V - Vehicle 
HY - Hatched - young 3 - Destroyed M - Machinery (farm)         H - Hockey Stick I - Investigator 
HNY - Hatched - no young 4 - Nonviable F - Flooded                        D - Dog            D - Dog 
 5 – Unknown U – Unknown                     I - Incidental 
 O - Other 
 
INCUBATION STAGE (DAYS) 
                                   
N 
Block  _____________________ Legal  ______________________ Nest #________________ 
 
     
Species___________________ Stake Location________ Search   Flushed  
 (if other than North)  Method: _________ by:            ________ 
         
GPS Easting  __ __ __ __ __ __  
GPS Northing __ __ __ __ __ __ __ 
Visit # Date Time  Hen    Nest      # Duck      # Ph         Inc.      Observers 
                     (6/17/2008) (Military)   Status    Status       Eggs       Eggs      Stage   
 
__0__ _________ ________    _____     _____       _____      _____       ______         ______________ 
_____ _________ ________    _____     _____       _____      _____       ______         ______________ 
_____ _________ ________    _____     _____       _____      _____       ______         ______________ 
_____ _________ ________    _____     _____       _____      _____       ______         ______________ 
_____ _________ ________    _____     _____       _____      _____       ______         ______________ 
_____ _________ ________    _____     _____       _____      _____       ______         ______________ 
_____ _________ ________    _____     _____       _____      _____       ______         ______________ 
 
 
Full Clutch Initiation Date Inc. Length Hatch Date Fate Cause Unhatched Eggs 
    (if known)  (i.e., whole eggs) 




























Figure 2-2.  Correlation between number of pheasant nests found and incubation stages of 
nests during the Block Predator Management study in eastern South Dakota, 2007-2009, 





























Figure 2-3.  Percent Mayfield nest success for pheasants during the Block Predator 


































Figure 2-4.  Percent Mayfield nest success for pheasants during the Block Predator 





































Figure 2-5.  Percent Mayfield nest success increase from 2008’s control block when 
trapped in 2009 for pheasants during the Block Predator Management study in Beadle 































Figure 2-6.  Pooled Mayfield nest success for pheasants during the Block Predator 






























Figure 2-7.  Percent of abandoned pheasant nests at different stages of incubation during 


















Figure 2-8.  Linear correlation between percent of Franklin’s ground squirrels in the 
trapper’s catch and percent partial depredation of successful pheasant nests during the 


































CHAPTER 4:  Conclusions 
Management Implications 
Statistical analyses of Mayfield nest success for both ducks and pheasants 
indicated that there was no difference at the 95% level between control sites and 
treatment sites.  However, I believe there was some biological significance.  Results  
indicated that BPM in South Dakota had positive effects in some blocks during some 
years.    
In areas of South Dakota, BPM may not be needed.  In this study, control blocks 
averaged a Mayfield duck nest success of 27.1%.  This success is double what mallards 
need for population maintenance (Cowardin et al. 1985, Klett et al. 1988).  I found a high 
average nest success on areas that contained 20-40% grasslands.  Reynolds et al. (1996) 
stated that 40% of the landscape needs to be grassland to obtain nest success maintenance 
levels.  I believe managers should carefully select the areas where they implement a BPM 
program.  The amount of grassland on the landscape and the predator community may be 
important factors when evaluating a BPM site.   
In areas where adequate habitat is present on the landscape and birds are capable 
of high production, a program like BPM is not  necessary and funds would be better spent 
elsewhere.  However, if grassland habitat continues to decline, it will be increasingly 




To maximize a program like BPM, managers need to assess the predator 
community in their area.  Predator species composition and population levels from 
predator removal studies during past decades were different than they were during the 
time frame of this study.  Trappers removed almost 7 times more coyotes than red fox 
during this study.  Coyotes are dominant over red fox and are able to displace them from 
their territories (Sargeant et al. 1987).  In North Dakota, Pieron and Rohwer (2010) found 
recent trends of decreased red fox populations and increased coyote populations when 
compared to the Garrettson and Rohwer (2001) BPM study in the same area.   The lack of 
red fox in some areas during my study may have been a contributing factor for the high 
nest success.  In areas where coyotes dominated the local canid populations, Sovada et al. 
(1995) found nest success to be 15 percent higher than areas dominated by red fox.  My 
results also showed that in areas with high badger densities, BPM proved to be the most 
effective and also potentially had a carryover effect.  With more knowledge on a 
carryover effect, it could be recommended to managers to trap an area semi-annually 
instead of annually to better utilize funds.   
Future Research 
Future BPM studies should evaluate areas with less than 20% grass on the 
landscape or in agriculture dominated areas where large blocks of nesting cover are non-
existent.  A similar study working with marginal cover would especially be valuable 




 Future research should be directed at South Dakota’s predator communities and 
their interactions as nest predators.  General demographic data on predator distributions 
and densities in eastern South Dakota would be beneficial especially looking at species of 
interest like the badger and Franklin’s ground squirrels.  Future BPM research in South 
Dakota should collect baseline predator data as well as conduct predator surveys 
throughout the study to better evaluate predator communities before and after trapping.  
Pre-treatment and post-treatment data would help determine if a carryover effect is taking 
place with BPM.   
 Difficulties in detecting pheasant nests resulted in lower sample sizes and high 
variability in the data.  A study evaluating alternative nest searching methods for large 
scale pheasant studies yielding increased detection rates of pheasants would be valuable.  
The other alternative, although more expensive, would be to utilize radio transmitters in 
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Appendix A.  Legal descriptions of the Southeast corner of each block by treatment 
during the Block Predator Management study in eastern South Dakota, 2007-2009. 
 
Year Site Treatment Legal Description of SE Corner 
2007 Roberts Trapped  T-128-N, R-51-W, Section 23 
2007 Roberts Control T-127-N, R-51-W, Section 5 
2007 Codington/Clark Trapped  T-117-N, R-56-W, Section 11 
2007 Codington/Clark Control T-118-N, R-57-W, Section 33 
2008 Roberts Trapped  T-128-N, R-51-W, Section 23 
2008 Roberts Control T-127-N, R-51-W, Section 5 
2008 Codington/Clark Trapped  T-117-N, R-56-W, Section 11 
2008 Codington/Clark Control T-118-N, R-57-W, Section 33 
2008 Beadle Trapped  T-110-N, R-63-W, Section 17 
2008 Beadle Control T-112-N, R-63-W, Section 14 
2009 Codington/Clark Trapped  T-118-N, R-57-W, Section 33 
2009 Codington/Clark Control T-117-N, R-56-W, Section 11 
2009 Beadle Trapped  T-112-N, R-63-W, Section 16 
2009 Beadle Control T-110-N, R-63-W, Section 17 
 
 




Nest Fate Unknown Successful Total
Cause of Failure Investigator Predator Unknown Machinery Flood Predator Other Unknown Flood Unknown - nests
2007 Trap
Codington 1 - - 1 - 64  1-Machinery 2 - - 139 208
Roberts 2 2 3 - 2 113  2-Machinery - - - 107 231
2007 Control
Clark 4 2 2 - - 102 3-Machinery - - - 115 228
Roberts 4 2 - 1 2 97 5-Machinery - - - 101 212
2008 Trap
Codington 2 3 - - - 79  1-Machinery - - - 112 197
Roberts 3 12 5 - - 87  1-Machinery 1 - 1 91 201
Beadle 2 4 2 - - 26  1-Flood - - - 123 158
2008 Control
Clark - 3 3 - - 97 - 1 - - 103 207
Roberts 6 1 - - 5 116 - 1 1 - 47 177
Beadle - 4 2 - - 64  1-Flood - - 1 33 105
2009 Trap
Codington 4 2 4 - - 72 - - - - 87 169
Beadle 5 6 6 - - 22 - 3 - - 131 173
2009 Control
Clark 2 3 5 - - 66 - 2 - - 134 212









Appendix C.  Daily research log data sheet used in 2009 for the Block Predator 
Management Study in eastern South Dakota.  Where is the Appendix?
2009 Daily Research Log 
 
 






Nest #’s (start and finish):  __________ to __________ 
 
Search Method:   (circle) 
 
Chain Drag (Pickups)        Chain Drag (ATVs)    Hockey Stick     Dogs 
 
 -Type of Chain: Normal chain  Chain with danglers 
 
# Hens flushed / # of Nests found / # of Broods found (unmarked): 
 
     Duck:______/_______/________ 
 




  # of hours:________ 
 
  # of people:________ 
 
 
Weather Conditions:     Sunny  Partly Cloudy         Cloudy       Light Rain 
 
  Estimated Temp:________°F 
 
  Estimated Wind:         Light            Moderate         High        Very High 












Appendix D.  Nest fates for pheasants during the Block Predator Management study in eastern South Dakota, 2007-2009. 
 
Nest Fate Abandoned Destroyed Successful Total 
Cause of Failure Investigator Predator Unknown Machinery Flood Predator Unknown Other - nests 
2007 Trapped           
Codington 8 3 1 - - 22 - - 23 57 
Roberts 2 1 2 - - 8 - - 4 17 
2007 Control           
Clark 8 4 1 - - 36 - - 13 62 
Roberts 2 - 1 - - 9 - - 8 20 
2008 Trapped           
Codington 6 4 1 - - 31 - - 35 77 
Roberts 3 1 3 - - 5 - - 3 15 
Beadle 30 4 - - 1 8 1 - 36 80 
2008 Control           
Clark 10 6 1 - 1 42 - - 14 74 
Roberts 2 - - - 2 7 - 1 7 19 
Beadle 8 3 5 - - 13 - - 8 37 
2009 Trapped           
Codington 10 1 4 - - 15 - 1-Machinery 16 47 
Beadle 43 5 7 - - 10 - - 55 120 
2009 Control           
Clark 6 4 3 - - 9 - - 12 34 









Appendix E.  Nest detection rates of 3 different search methods with the percent of nests found for the number of hens flushed for 
ducks and pheasants and a search effort index for duck and pheasant nests found during the Block Predator Management study, 













Search Method Total nests % found 95% CI Total nests % found 95% CI nests/man-hr 95% CI
Chain 1371 91.4 91.38-91.42 441 26.4 26.34-26.46 1.53 1.39-1.67
Dog 30 86.2 86.01-86.39 21 50.1 49.85-50.35 3.37 1.44-5.30
Hockey 42 100 100.0-100.0 61 100 100-100 0.88 0.47-1.29
Duck Pheasant Search Effort
7
5 
 
